Physicochemical properties of a virulent Lactobacillus phage, JI, and its DNA were studied. Phage JI was shown to consist of a hexagonal head 55 nm in diameter and a flexible, non-contractile tail 29o nm in length and Io nm in width. The buoyant density of the phage in CsC1 was measured as 1.49 g/ml. It was found that J1 DNA was a linear duplex molecule with cohesive ends and had a contour length of i2.2/zm. The single strands were intact for the length of the molecule. The melting temperature, Tin, and the buoyant density of J1 DNA correspond to a G+C content of 48 % and 45%, respectively.
Phage JI, which is infectious for group B Lactobacillus casei strain S-I, was isolated from abnormal fermentation products of a lactic acid beverage (Hino & lkebe, I965) and was shown to be a virulent phage with a hexagonal head attached to a long, sheathless tail (Sakurai et al. I969) . JI and its related phage PL-I (Watanabe et aL I97o) have been suggested to be particularly suitable for studying the initial sequence of events following the attachment of phages with a non-contractile tail to their host (Yokokura, I97I, I977; Watanabe & Takesue, I972, I975) . This communication describes the properties of J1 and its DNA. Physicochemical studies have revealed that JI contains a duplex DNA molecule which, like ,~ DNA, has cohesive ends and is capable of reversible cyclization. JI DNA is also similar in many respects to DNAs isolated from N phages of Micrococcus lysodeikticus (Wetmur, Davidson & Scaletti, I966; Lee & Davidson, I97O ) .
For preparation of unlabelled phage JI, early log-phase cells of L. casei S-I growing at 37 °C in MRT medium (Murata, Soeda & Saruno, I969) were infected with JI at a multiplicity of o'o5 and incubated until lysis was complete, usually within 5 h. The lysate was neutralized, treated with DNase and RNase (Miles-Seravac Ltd., Maidenhead, Berks, England), each at Io #g/ml, in the presence of o'oo5 M-MgCI2 for 3 o min and centrifuged at 8oo0 g for 2o[min to remove cell debris. The phage titre was assayed on MRT agar plates, using standard phage overlay techniques (Adams, I959) and was found to be I to 2 × Io 11 p.f.u./ml. Phages were precipitated by Io% (w/v) PEG 6ooo and I M-NaCI (Yamamoto et al. I97O), collected by centrifugation at 800o g for Io min, and resuspended in o.o 5 Mtris-HC1, o'z M-NaC1, pH 7"4 (JI buffer). The phage suspension was placed on the preformed gradient,[consisting of 7 ml each of I-3, 1.5, and I-7 g/ml of CsCI in JI buffer and centrifuged at 23000 rev/min for 4 h at Io °C in an RPS 25A swing-out rotor of an Hitachi 65-P ultracentrifuge. The phage band was collected, dialysed extensively against JI buffer, and stored. During purification, all the operations were carried out below 5 °C, unless otherwise stated.
A synthetic medium, for preparation of 3H-labelled JI, contained per litre: glucose 2o g; sodium acetate 20 g; casamino acid 5 g; NH4C1 3 g; Tween 80 I g; KH2PO, 500 mg; K~HPO4 5oo rag; MgSO4.7H~O 2oo mg; MnSO~.nH~O Io mg; FeSO4.7H20 Io mg; adenine IO rag; guanine Io rag; uracil Io mg; thymine 2 mg; riboflavin 2 rag; p-amino-I4-z benzoic acid i mg; pyridoxine.HC1 I mg; Ca-d/-pantothenate I mg; nicotinic acid I mg; thiamine.HC1 I mg; pyridoxal o.2 mg; biotin o-or mg; folic acid o.oI mg. The medium was adjusted to pH 7"o with NaOH. Immediately before infection, o-oo5 M-CaCI~ was added to an early log-phase culture of L. casei S-r, and the culture was infected with purified JI at a multiplicity of r. Ten minutes later, o'5 #Ci/ml of 6-3H-thymidine 06-o Ci/ mmol; Daiichi Pure Chemical Co., Ltd, Tokyo, Japan) was added. The phages were purified from the lysate (about 5 × Io 1° p.f.u./ml) as described for unlabelled phages, except that the labelled phages were pelleted from the lysate by centrifugation, instead of by PEG precipitation.
T7 was prepared by infecting early log-phase cells of Escheriehia coli B growing, with aeration, at 37 °C in Tryptone broth, purified, and stored in T7 buffer (o'5 M-NaC1, o-ooIM-MgC12, o.ooi% gelatin, o-oi M-tris-HC1, pH 7"4). DNA was extracted by mixing the phages in o.I M-potassium phosphate, o.I M-NaC1, o-ooI M-EDTA (pH 7"8) with an equal volume of buffer-saturated, freshly distilled phenol. The aqueous phase was collected and dialysed extensively against o-oi M-potassium phosphate, o.I M-NaCI, o.ooi M-EDTA (pH 7"8), and stored at 4 °C.
For electron microscopy, JI was stained with o.2% uranyl acetate or 2% phosphotungstic acid. Preparations of JI DNA were made by the method of Kleinschmidt 0968) and shadowed with Pt-Pd alloy. The preparations were examined in a JEM 7A electron microscope. The magnification was determined by taking micrographs of a grating replica (Polaron Equipment Ltd; Walford, England; 216o lines/ram). The length of DNA molecules was determined by tracing projections of the micrographs and by measuring the contour length with a map-distance measuring device.
The buoyant density of JI was determined by centrifuging in CsC1 at 35ooo rev/min for 36 h at Io °C, in an RPS 4oA rotor, with T 7 as density marker. The buoyant density of JI DNA was analysed by centrifuging in CsCI at 25 °C to equilibrium at 4477o rev/min for 2o h or more in a Beckman model E ultracentrifuge. The melting temperature, T~, of JI DNA in I × SSC (o'I5 M-NaC1, o'oi5 M-sodium citrate, pH 7"o) was determined from the extinction-melting profile in a Gilford apparatus. T 7 DNA was used as a reference for these studies.
The conformation of Jr DNA was analysed by sedimentation of 3H-labelled DNA in sucrose gradients. Neutral gradients contained o.oI M-tris-HC1, I-o M-NaC1, o.ooi M-EDTA (pH 7"5). Alkaline gradients were prepared in o. 9 M-NaC1 and o.r M-NaOH. Samples containing I to 2 #g of DNA in o.i ml were layered on 4"5 ml of 5 to 2o% (w/v) gradients and centrifuged at 2o °C and 35 ooo rev/min for I5o min in an RPS 4oA rotor. The gradients were unloaded from the bottom of the tube through a silicone-coated glass cannula held in a rubber stopper (Hershey, Burgi & Ingraham, I963) by collecting 4-drop fractions on glass filters. After drying, the filters were suspended in Io ml of scintillant, composed of PPO (4 g) and POPOP (o.I g) per litre of toluene and the radioactivity measured in an Aloka LSC-653 scintillation counter.
Purified preparations of JI sedimented as a single peak in a sucrose gradient and contained only one kind of particle in the electron microscope. The phage, stained with uranyl acetate, consisted of a hexagonal head 55 nm in edge-to-edge diameter and a flexible, non-contractile tail z9o nm in length and ro nm in width. In preparations stained with phosphotungstic acid, it was observed that the tail of some ghosts showed the appearance of hollow tubing, without base plates or tail fibres at the end. The buoyant density of JI was estimated as r'49 g/ml, relative to T 7 (p --1.5I g/ml).
The base composition of Jr DNA was estimated from both the density in CsC1 and the The agreement between the base compositions determined by two different methods suggests the absence of significant amounts of unusual bases in JI DNA. Electron microscopy of JI DNA revealed that, while the majority of DNA molecules were linear, a substantial fraction of circular molecules were observed (Fig. I) . In addition, a few higher aggregates such as circular dimers were also seen. These observations suggest that Jr DNA is most likely to be a duplex DNA with cohesive ends. The contour length of the DNA was measured on I7 circular molecules which could be unambiguously traced. These molecules examined fell in a range from I I'5 to 13/~m, with a mean length of I2.2 #m, which corresponds to a mol. wt. of 24"4 × Io 6 (using 2 x io 6 mol. wt.//~m).
In a neutral sucrose gradient, native D N A molecules sedimented heterogeneously (Fig. 2a) as three major molecular species with relative sedimentation velocities of roughIy I.o, t'I3, and I'3L the values expected for the linear monomer, circular monomer, and linear dimer, respectively. In a neutral gradient, the sedimentation profile of DNA which had been heated at 75 °C for IO min in I M-NaC1, o-oI M-EDTA (pH 8) at a concentration of 45 #g/ml, followed by incubation at 5o °C for more than I h (Fig. 2 b) , clearly indicates that the relative amount of dimers and higher aggregates had increased considerably compared with untreated DNA. More than half of these DNA molecules were in circular and aggregate forms following this treatment. This was confirmed by electron microscopy. These observations are consistent with results obtained with ,~ DNA (Hershey et al. I963; MacHattie & Thomas, I964; Wang & Davidson, I966a, b) . Treatment of such preparation at 75 °C followed by rapid cooling resulted in the increase of linear monomer with the concomitant decrease of circular monomer and aggregates. Fig. 2(¢) shows the alkaline sucrose sedimentation profile of J1 DNA which had been denatured by treatment with 0-3 vol. of I M-NaOH for I5 min at room temperature. The denatured DNA sedimented predominantly as a single, symmetrical peak with a relative sedimentation velocity com- Lee & Davidson, 197o) . What functions these cohesive ends may have in the infectious cycle are unknown, but the DNAs share common properties with A DNA in that they are (i) duplex molecules with cohesive ends, (ii) capable of reversible cyclization, and (iii) similar in molecular weight of around 25 to 3o × lO 6.
Temperate phage DNAs with cohesive ends as well as NI phage DNA were shown to assume a form of covalently closed, circular molecule upon entry into their hosts (Young & Sinsheimer, 1964; Bode & Kaiser, 1965; Weissbach, Lipton & Lisio, I966; Lee, Davidson & Scaletti, 1968 ) . The observation that nine complementary groups of temperature-sensitive mutants of JI could be arranged by two-factor crosses into a linear genetic map (Ichioka & Ishiwa, I973 ) is insufficient to allow a decision as to whether the genetic map of J1 DNA is linear or circular, because the mutants used account for no more than one-third of the expected coding capacity of JI DNA.
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